1 3912-JNeu located in the suprasellar space, with dural attachment to the tuberculum sellae and typical clinical features affecting outcome. 2 Patients most commonly present with either headache and/or visual dysfunction often differing from presentation of other meningiomas located in the anterior skull base. When they enlarge, they can affect the optic nerve and chiasm, pituitary stalk, carotid Introduction T uberculum sellae meningiomas (TsMs) encompass about 5-10% of all intracranial meningiomas. 1, 2 They are surgically challenging because of their close proximity to critical neuro-vascular and endocrine structures. TsM is considered a distinct anatomical entity a B s T r a c T iNTroDucTioN: With the advent of skull base endoscopy, tuberculum sellae meningiomas (TsMs) are currently operated both from the traditional transcranial (Tc) route as well as the extended endonasal endoscopic trasns-sphenoidal approach (eeTs). The aim of this study was to conduct a systematic review of TsMs excised via the Tc route in the modern era when the eeTs excision is gaining popularity. eViDeNce acQuisiTioN: We performed a systematic review in the medical literature following the PrisMa guidelines. a medical librarian retrieved a list of 3443 articles published from 2006-2016 from the Medline, embase and cochrane central databases. Two of the authors independently screened for titles and abstracts and excluded 3340 of them. We reviewed the full text of the remaining 103 articles and included in our analysis 31 that met the following inclusion criteria: 1) 5 or more cases reported; and 2) report of the extent of resection, visual outcomes and complications specifically for TSMs were documented. eViDeNce sYNTHesis: Thirty-one articles were selected for this systematic review with a total number of 983 patients with TsM. The mean age was 54.1±4.6 years, 75% of them being female. The follow-up was 43.9±20.7 months. The mean tumor diameter was 27.8±4.9 mm. gross total resection was achieved in 84% while subtotal or near total resection was 14%. Vision improved, worsened and remained unchanged in 65.5%, 10.4%, and 24.7% respectively. The csf leak rate was 3.4%. Transient or permanent pituitary dysfunction was reported in 6.9% of patients. There was a vascular injury in 5.1% of the patients with the majority (4.3%) being symptomatic. The recurrence rate was 3.8% and mortality 1.1%. coNclusioNs: in the past decade, the eTTs excision of TsMs has gained popularity and in some centers has become the approach of choice. However the Tc route still remains the most common approach for most TsMs meningiomas and for the majority of neurosurgeons. The evolution of transcranial surgery including the use of minimally invasive techniques, such as endoscope-assisted transcranial resection are associated with relatively high resection rates and improved visual outcomes with low morbidity and mortality. a direct comparison with Ts approaches was not done for the purpose of this review analysis. given the limited availability and heterogeneity of comparative observational studies, a meta-analysis was deemed inappropriate.
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Tuberculum sellae meningiomas: a systematic review of transcranial approaches in the endoscopic era a B s T r a c T iNTroDucTioN: With the advent of skull base endoscopy, tuberculum sellae meningiomas (TsMs) are currently operated both from the traditional transcranial (Tc) route as well as the extended endonasal endoscopic trasns-sphenoidal approach (eeTs). The aim of this study was to conduct a systematic review of TsMs excised via the Tc route in the modern era when the eeTs excision is gaining popularity. eViDeNce acQuisiTioN: We performed a systematic review in the medical literature following the PrisMa guidelines. a medical librarian retrieved a list of 3443 articles published from 2006-2016 from the Medline, embase and cochrane central databases. Two of the authors independently screened for titles and abstracts and excluded 3340 of them. We reviewed the full text of the remaining 103 articles and included in our analysis 31 that met the following inclusion criteria: 1) 5 or more cases reported; and 2) report of the extent of resection, visual outcomes and complications specifically for TSMs were documented. eViDeNce sYNTHesis: Thirty-one articles were selected for this systematic review with a total number of 983 patients with TsM. The mean age was 54.1±4.6 years, 75% of them being female. The follow-up was 43.9±20.7 months. The mean tumor diameter was 27.8±4.9 mm. gross total resection was achieved in 84% while subtotal or near total resection was 14%. Vision improved, worsened and remained unchanged in 65.5%, 10.4%, and 24.7% respectively. The csf leak rate was 3.4%. Transient or permanent pituitary dysfunction was reported in 6.9% of patients. There was a vascular injury in 5.1% of the patients with the majority (4.3%) being symptomatic. The recurrence rate was 3.8% and mortality 1.1%. coNclusioNs: in the past decade, the eTTs excision of TsMs has gained popularity and in some centers has become the approach of choice. However the Tc route still remains the most common approach for most TsMs meningiomas and for the majority of neurosurgeons. The evolution of transcranial surgery including the use of minimally invasive techniques, such as endoscope-assisted transcranial resection are associated with relatively high resection rates and improved visual outcomes with low morbidity and mortality. a direct comparison with Ts approaches was not done for the purpose of this review analysis. given the limited availability and heterogeneity of comparative observational studies, a meta-analysis was deemed inappropriate. 
Rationale of selection criteria
We set out to obtain a pragmatic understanding of outcomes specifically related to TSMs. We applied strict inclusion and exclusion criteria for the selection of our papers. combining several studies from various institutions presents variability of technique and operative experience and hence case reports and series describing less than 5 patients were excluded to ensure that results were not skewed by outcomes and complications of single case reports. We included studies with residual and recurrent tumors. To avoid duplication of patients, we excluded manuscripts that reported the same patients with TsM in subsequent manuscripts from the same institution and the most updated paper with the larger number was included. since some authors used both the microscope and the endoscope at varying stages of the operation, we included endoscopic as well as endoscopic-assisted microsurgical excision of TsMs, but only through the Tc route.
We restricted our analysis to TsMs and excluded studies that mentioned olfactory groove, planum sphenoidale, and pure diaphragm sella meningiomas. studies that mentioned various anterior cranial base meningiomas, but reported specific outcomes for TSM were included, whereas studies that combined outcomes of TSM with other tumors, specifically planum sphenoidale meningiomas were excluded. While TsMs typically elevate the anterior visual pathways, meningiomas in other locations often displace and compress the optic nerves and chiasm posteriorly and inferiorly. 2 Because the inferior aspect of the optic nerves receives its blood supply from the superior hypophyseal arteries that arise from the supraclinoid segment of the internal carotid artery, surgical dissection of tumors from the inferior aspect of the optic apparatus is more challenging than removal of tumors from above the optic apparatus. 13 only studies that reported on the extent of resection, visual outcomes and postoperative complications were included. Gross total resection (GTR) was defined as no visible remnant at surgery or on postoperative Mri and included simpsons grade 1, 2 and 3 excision. Near Total resection (NTR) was defined a tumor removal >90% artery and perforators of the anterior cerebral artery (aca). They can invade into the optic canal which can make gross total resection (gTr) challenging.
over the past decade, there has been an increasing use of endoscopic techniques in skull base surgery including the use of these techniques for the excision of TsMs. With the evolution of the expanded endonasal approach (eea), early results indicate relatively good outcomes comparable to transcranial approaches. [3] [4] [5] [6] [7] [8] [9] [10] [11] Traditionally these tumors have been excised via a variety of open transcranial approaches including the pterional, subfrontal or interhemspheric approach. More recently, less invasive transcranial approaches such as the eyebrow craniotomy, the lateral supraorbital approach and endoscopic-assisted transcranial excision of these tumors have been performed.
The aim of this study was to report outcomes of TsMs excised through the Tc route in an emerging era of the use of the eea for these lesions and provide an updated analysis of outcomes and complications. This study includes manuscripts published in the last decade that report on resections rates, visual outcomes and complications rates for this distinct tumor entity.
Evidence acquisition
a research protocol was developed in advance and detailed all aspects of the conduct of this systematic review. Preferred reporting items for systematic reviews and meta-analyses (PrisMa) were used for protocol development and manuscript preparation. 12 only english studies were included. The search of the literature was conducted by a medical librarian (Ma) using 3 databases: oViD Medline (1946 to february Week 1 2016), oViD embase (1974 to 2016 february 10) and oViD eBM reviews -cochrane central register of controlled Trials (January 2016). for MeDliNe, we used the MesH terms Neurosurgical Procedures, Microsurgery, endoscopy, Neuroendoscopy, and MesH addressing the anatomical locations of the comparative procedures as well as relevant keywords and subheadings. for embase, we used the emtree terms neurosurgery, endoscopic surgery, and emtree terms for anatomical locations of the comparative surgeries as well as relevant keywords and subheadings. The search in cochrane central combined elements of the Medline and embase strategies. our complete search strategies are
tions including vascular injuries, csf leaks and pituitary dysfunction. unfortunately, not all the studies reported the follow-up duration with the mean follow-up period being reported in 19 studies at 43.9±20.7 months. Three studies reported only the median, which was 38.6±22.4 months. Three studies which analysed TsMs along with other anterior skull base tumors reported the mean and range of follow up for the entire group instead of specifying that for TsM only (35.7±34.9 months). one study set appointments at 3 and 6 months intervals from the time of surgery and did not report any long term follow up in forms of range or mean.
Patient demographics
of the studies that described a gender distribution (N.=29), 682 (75.1%) patients were females and 226 (24.9%) were males. The mean age was 54.1±4.6 years. one article only published the mean volume of the tumor (8.1 mm 3 ) while 25 studies reported the mean diameter at 27.8±4.9 mm. There were 3 studies that did not mention a specific mean diameter but rather classified the tumors into different size types. Two studies did not mention any size-related data on the tumours (Table ii) .
Extent of resection and visual status
The gTr rates ranged from 0-100% with a mean of 84±21.2% while the NTr/sTr rate was 14±21.2%. improvement in vision was documented in 65.5±19.1% of patients and ranged from 27-100%. The vision deteriorated in 10.4±9.7% (range, 0-37.5%) and it remained unchanged in 24.7±15.7% (0-65.9%).
Complications csf leak rate was 3.4% (reported in 21 studies, 697 patients). Pituitary dysfunction was mentioned in 15 studies (31 patients) with transient dysfunction being more common than permanent at 5.6% and 1.3%, respectively. Thirty-nine patients (reported in 23 studies) suffered from vascular injury (5.1%). it was symptomatic in 4.3% and asymptomatic in 0.8% of the patients. The average incidence of recurrence was quoted as 3.8% (32 patients in 25 studies). intra/postoperative death occurred in 9 patients in 28 studies (1.1%). on a postoperative Mri and sub-total resection (sTr) was defined as a <90% excision on postoperative MRI. Visual outcomes were reported as improved, unchanged or worsened. a risk of bias analysis was not done; as it was unfeasible given the included studies largely comprised case series.
Evaluation of records
a total of 3443 titles and abstracts were screened and 3340 records were excluded, independently by two authors (MT and gT). after consensus by both authors, 103 full texts were assessed for eligibility and 72 were excluded with reason based on the prespecified criteria. Kappa statistics were done to evaluate reviewer agreement. Conflict in study selection was resolved by discussion and consensus. A total of 31 studies were finally included in the qualitative synthesis (figure 1).
Evidence synthesis
Thirty-one articles (2006-2016) with a total of 983 patients treated for a TsM were included (Table i ). all studies reported the extent of resection and visual outcomes, while varying number discussed complica- review of endoscopically excised TsMs. 47 Moreover, we believe that tuberculum and planum meningiomas should be considered as a separate entity. Despite the fact that there may be clinico-radiological overlap and occasional difficulty in distinguishing between the two, there are, in the majority of cases differences in both clinical and surgical characteristics as well as outcomes.
Advantages of the transcranial route and various specific approaches
While traditional open approaches such as the pterional, subfrontal and interhemispheric have stood the test of time, the last decade has seen the evolution of more minimally invasive transcranial approaches for the removal of TsMs. The Tc approaches allow for direct visualization of the extent of dural attachment, which often may not be the case with the eea. These approaches allow for removal of all sizes of tumor including those with lateral extension to the internal carotid and the optic nerve with direct control of vascular Discussion in the era where the eeTs is being proposed as a better alternative for management of TsMs, the results of our study confirm the safety and efficacy of the TC approaches for the excision of this tumor. Based on recent reviews comparing study populations of the Tc versus Ts approach over the last two decades, transcranial procedures still continues to be 8-16 times more frequently used than the endoscopic approach. [44] [45] [46] Three recent systematic reviews have compared open versus endoscopic approaches. While the results of the reviews by Komator et al. 46 and graffeo et al. 45 include both TsM and planum meningioma, the review by clark et al. 44 discuss only TsMs. The limitations elucidated in their reports regarding the complexities surrounding selection, the heterogeneity within cases and the considerable variations in reporting of outcomes are some of the reasons we chose not to directly compare the results of our review with other similar reviews for endoscopically performed cases. We have recently published a similar systematic 
PTerIonal aPProach
This approach has been the workhorse for removal of TsMs over many years. it makes use of dissection through natural planes to expose the base of the brain with minimal brain retraction. frontal lobe and olfactory nerve manipulation is minimized. 15 it allows for early visualization of the optic apparatus and the ica. However, the narrow surgical corridor, difficulty in dissecting the far side of the ipsilateral optic nerve and occasional difficulty in controlling bleeding before adequate devascularization are reported concerns with this approach. 48 structures in the case of injury. The success of surgical resection is generally determined by long-term outcomes including, visual and other neurological status.
The type of open approach should be based on the anatomical and clinical characteristics of the tumor including size and extension of the lesion as well as the expertise and familiarity of the surgeon with a particular approach. A significant advantage of the TC route is that the approach can be modified based on certain characteristics of the tumor. The angle of attack, the exposed surface area and the trajectory can be changed on an individualized basis. considerations of orbital osteotomy, optic canal unroofing and anterior clinoidectomy can be performed according to specific tumor variables. The learning curve of the open approaches is generally one's residency training. on the other hand the eeTs has an additional steep learning curve often requiring specialized training and and often only allows for gTr of tumors that are medial to the internal carotid arteries and optic nerve. In general, any significant lateral extension cannot be easily accessed via the eea. More extensive Jang et al. 35 proposed using the contralateral approach to TsMs lateralized to one optic nerve with the concept that it decreases the manipulation of the affected nerve resulting in better visual outcomes postoperatively. The approach also provides a direct view of the infero-medial aspect of the involved optic nerve and canal with better visualization of the ophthalmic artery, which is a blind spot when approaching the tumor ipsilaterally. The authors also argue that when approaching the tumor from the contralateral side. Dural unroofing alone may be sufficient rather than bony unroofing of the optic canal. However, there is always a chance of potential injury to the unaffected optic nerve in this approach, which could be especially hazardous if the patient already has very poor vision in one eye. likewise tumors lateral to the contralateral internal carotid artery are difficult to remove from this approach.
exTradural anTerIor clInoIdecTomy otani et al. 17 proposed a selective extradural anterior clinoidectomy in tumors with extension into the optic canal and infrachiasmatic space including those with optic nerve and internal carotid artery encasement. This allowed easier tracing of the optic nerve into the tumor, especially when it is thinned out and splayed. This technique also helps in mobilization of the optic nerve, thereby decreasing the intraoperative vascular insult on the nerve resulting in improved vision postoperatively. They also propose that visual deterioration postoperatively can be avoided by early bony decompression. in addition, by providing more space there is reduced manipulation of the pituitary stalk resulting in lesser hormonal dysfunction postoperatively.
InTerhemIsPherIc aPProach
The interhemispheric approach, both anterior and superior uses a natural corridor with minimal lateral frontal lobe retraction, provided the fissure is well dissected. 25, 33, 34 a low basal approach with early tumor devascularization by dissection at the tumor / planum interface reduces intra-operative blood loss and facilitates debulking. However, in very large tumors access to the tumor blood supply is often not possible without first some debulking of the tumor, which in highly vaslaTeral suPraorbITal aPProach also called the unilateral subfrontal approach, this is a simple modification of the mini-pterional approach, which does not require opening on the entire sylvian fissure. The brain is relaxed by releasing CSF from the basal cisterns and the most proximal sylvian fissure. It is minimally invasive allowing for intra or extradural clinoidectomy depending on optic canal involvement and can provide a similar view of the planum sphenoidale as the pterional and orbito-zygomatic approach. 36 Mortality reported in 28 studies, 9 patients
proach. for example a class i tumor can be operated by the eea, whereas a class iii tumor is best done by a Tc approach and class ii tumors can be approached either Tc or eea depending on surgeon preference. However, this system needs to be externally validated in further studies.
Resection rates of TSM
The gTr in this review was 82%, but varying widely from 0-100%. in the report by Mclaughin et al., 32 all 7 patients in whom a gTr was not achieved had residual or recurrent tumors with half of them having had prior radiation and tumor pathology representing atypical tumors. Three patients also had a previous eea. other factors associated with incomplete tumor removal were cavernous sinus invasion and vascular encasement. 24 While encasement of neurovascular structures almost always precludes total excision, the consistency and vascularity of the tumor also play a role. Various approaches within the Tc route may lead to different rates of excision as well, but the superiority of one over the other is not possible to determine due to confounding tumor and patient related factors. The use of the endoscope in microscopic surgery may allow for better visualization around corners resulting in higher gTr rates. 31 according to the proponents of this endoscopically assisted microsurgery, visual outcomes are also superior compared to the use of the microscope alone.
in a previous systematic review on TsMs, gTr rates in the eea group ranged from 60-92%. The authors compared these outcomes to contemporary studies of transcranial surgery where gTr rates of 74% -92% were reported. 44 There was no difference in tumor size betweeen eea and transcranial patients. in another review by graffeo et al. 45 the gTr rates for TsMs in the open surgical approach versus the eea were comparable (85.3% vs. 79.9%). Komotar et al. 46 also reported similar rates (84.1% vs. 74.7%) in the two groups. With the availability of more precise radiosurgery options, some surgeons may chose to leave behind tumor adherent to critical neurovascular structures resulting in a less than total excision. This fact also confounds the analysis of gross total resection rates when comparing the eea and Tc approaches since in some cases, the goal of surgery itself may be a less than total excision and this is not generally reported. cular tumors can be a disadvantage. in very vascular tumors preoperative embolization is advocated by some surgeons. an additional disadvantage of this approach is that the optic nerves and carotid arteries are seen later in the resection and an understanding of their displacement is important for the surgeon. However coming from an anterior midline direction the interhemispheric approach provides a wide surgical avenue to both optic nerves and internal carotid arteries and the capsule of the meningioma can be often safely dissected off the neurovascular structures with decreased manipulation. This approach also enables easier access and removal of the intrasellar extension of the tumor. occasionally interhemispheric dissection may be difficult resulting in pial breech that can lead to increased risk of postoperative seizures. likewise damage to olfaction continues to remain significant concern with this approach and the operative time is also usually longer. 33 comparing various surgical approaches Nakamura et al. 16 found that the mortality rates of the fronto-lateral and pterional groups were 0%, where as in the bifrontal craniotomy group it was 9.5%.
suPraorbITal keyhole aPProach invariably with any Tc approach there is some degree of brain retraction. The major advantage cited for the keyhole approaches is less brain retraction when compared to larger craniotomies. 31, 37 The endoscope has been advocated by some in transcranial approaches and can provide a wider visualization of the anatomy maximizing the effective surface area. 32 Thus in these endoscopic-assisted open approaches the problem of poor illumination in the depth of the field when using a microscope may be overcome with endoscopy. compared to the pure eea, this combined endoscopic-assisted approach uses the endoscope transcranially usually for larger tumors with more lateral extensions. 24 some authors argue that the postoperative discomfort for the patient is less and shorter with the eyebrow craniotomy compared to eaa. 31 Mortazavi et al. 43 have recently proposed a new classification of these tumors based on their size, optic canal invasion, vascular encasement, brain invasion, previous surgery and previous radiation. The objective is to identify risk factors involved in the resection of these tumors and to inform patient selection and optimal surgical ap- of direct vascular insult during surgery rather than transient neural edema. among the advantages cited for the eea has been the better visual outcomes as compared to the Tc approaches. clark et al. 44 reported that the endoscopic cohort had higher rates of visual improvement 50-100% vs. 25-78% in the Tc group. in other reviews the visual improvement rates in the endoscopic versus the Tc group were 87% vs. 61% and 69% vs. 59% respectively. 45, 46 it is generally felt that the main reason for the better visual outcomes of the eea is related to the minimal if any direct manipulation of the optic apparatus and lack of manipulation and disturbance of its blood supply. 44 
Complications csf leak
With the advent and widespread use of the vascularized nasoseptal flap, the CSF leak rate in the EEA has declined by over 5 fold after excision of suprasellar meningiomas. 49 The vascularized nature also allows for rapid healing and better resistant to radiation injury, in cases where radiotherapy is required for residual or recurrent tumors. Nevertheless, CSF leakage remains a significant concern of the EEA and persistent CSF fistulas are very challenging problems even in experienced hands. addition of the lateral wall flap, the lateral turbinate flap and the gasket seal technique have aided in dealing with recurrent CSF fistulas. CSF rhinorrhea was reported in TsMs excised transcranially in 3.4% of cases in our review. in other reviews that compared csf leak rates in Tc versus the eea, the csf leak rates were 21% vs. 5%, 21.5 vs. 4.4%, 21.3 vs. 4.3% and respectively. [44] [45] [46] The risk of developing meningitis from the csf leak was as low as 0.2% in the Tc group and 0% in the eea group. 46 csf rhinorrhea, when it occurs after Tc excision of TsMs is usually from the frontal sinus that has not been cranialized and repaired adequately or from aggressive drilling of the tuberculum/planum resulting in a communication with the sphenoid sinus. When recognized intraoperatively it can be easily repaired. if improved reconstructive techniques reduce further the csf leak rate via the eea to less than 5%, as some authors have recently reported, the advantage of the Tc route based on lower csf leak rates may be challenged. The limited reports of the eea for this tumor dictates a need for more robust data.
Visual outcomes
The Tc approach resulted in visual improvement in 65% of patients, ranging from 27-100%. Mortazavi et al. 43 suggest that early extradural wide bony decompression of the optic canal and optic nerve from the optico-carotid cistern to the globe is key to good visual outcomes. other authors propose doing an early extradural anterior clinoidectomy to improve visual outcomes. 17 according to Margalit et al. 13 the factors that predicted a good visual outcomes in over 95% of their patients included young age, high KPs on admission and smaller tumor size. Bassiouni et al. 14 speculated that intraoperative findings of an atrophic optic nerve, encasement of the nerve, tumor adhesion to the under surface of the nerve and disruption of the vascular supply of the optic apparatus resulted in a high visual deterioration rate of 17% of their patients. They also noted that significant visual loss preoperatively, was an unfavorable factor.
other negative prognostic factors cited by Palani et al. 38 included prolonged duration of visual symptoms (>6 months), peritumoral edema, arterial encasement, unclear brain-tumor interface and inadequate extent of resection. Park et al. 18 on the other hand suggested that surgical insult was likely the single most important factor predicting visual outcome postoperatively.
unfortunately, the incidence and degree of optic canal invasion, known to influence postoperative visual outcomes was not routinely reported and hence could not be analyzed separately. The incidence of optic canal invasion was reported in only half the studies we reviewed and was present in about 25% of the cases. growth of tumor into the optic canal is thought to be associated with worse visual acuity independent of tumor size. according to Kitano et al. 19 tumors within the optic canal can be easily removed due to its weak adhesions to the optic nerve. sade et al. 26 reported 77% of TsMs had extension of the tumor into the optic canal. The incidence was significantly higher in patients who presented with preoperative visual deficit (85%) compared to those whose vision was intact (40%). for better postoperative visual acuity, when tumor is within the optic canal, it should be removed completely early in the procedure. 19 Park et al. 18 have shown that the immediate short-term postoperative visual outcome is a powerful predictor of permanent outcome. immediate postoperative deterioration reflects the high possibility
A abnormal hormonal testing. 14 even though, the incidence of postoperative endocrinological dysfunction is low following excision of TsMs, we advise the routine hornomal survery in these patients in the postoperative period. otani et al. 17 reported that performing a selective anterior clinoidectomy allows for easier access to the region of the pituitary stalk resulting in no patient having hormonal dysfunction in their series.
recurrence raTes recurrence rate may be a good outcome measure to judge the efficacy of the EEA versus the Tc approach. However, due to the limited follow-up durations of the former, owing to the fact that's this is a relatively newer technique, studies with long term follow-up are needed.. graffeo et al. 45 estimated recurrence rates for TsMs, and predicted nearly three times as many recurrences after the eea as compared to open surgery. With the current follow up data with a mean of 51.8 months and 20.6 months, the recurrences in the Tc group with longer follow up was 6.2%, while in the eea group it was 0%. 46 in our review with a mean follow-up of 43.9 months, the recurrence rate was 3.8%.(reference) This confirms the importance of adequate follow-up and that recurrence rates will increase in direct proportion to the duration of follow up. recurrence also depends on tumor grade with higher grade lesions recurring at a faster rate.
it is still debatable if aggressive drilling of the anterior skullbase bone and opening of the nasal air sinues would result in lower recurrence rates. 14 residual tumor left in the optic canal is often a cause of recurrence as well as the absence of visual improvement after surgery. for others the cause of recurrence is the conservative management of the surrounding dural tail, bony involvement and hyperostosis. 28 
Conclusions
This study confirms the safety and effectiveness of the transcranial approaches for tuberculum sellae meningiomas and which continue to be the preferred approach for the excision of lesions in most centers, despite the increasing use of the eea. The Tc approach is a versatile approach and can be tailored to tumor growth and extension. The minimally invasive nature of newer
Vascular Injury
The incidence of vascular injury was approximately 5% in this review. in another review that compared haemorrhage rates in the open versus the eea, the hemorrhage rate was 5.8% vs. 0%. 46 The reason for higher hemorrhage rates with the Tc approach could be due to selection bias, since tumors with vascular encasement are usually dealt with transcranially. Meningiomas usually grow into the adventitia of the vessel and aggressive attempts to peel tumor off the vessel might result in catastrophic hemorrhage in which less than 1% of these vascular injuries were asymptomatic. The risk of a vascular injuries is also reported to be higher in patients with firm fibrous tumors. 27 However tumor consistency was not uniformly reported in the studies we reviewed and clear conclusions cannot be drawn. in another review the perioperative mortality was 2.9%, but the authors did not comment on what percentage of these deaths were related to a vascular injury. 45 larger TsMs parasitize their blood supply from branches of the aca and their isolation and coagulation t, further increasing the potential for vascular avulsion. While dealing with a vascular injury can be very difficult via the EEA ln the Tc approach these vessels are encountered earlier after initial debulking may be dealt with more easily.
Vascular injury is not limited to arterial structures, and venous injury is also reported via the Tc route while this has not been reported via the eea. The incidence of postoperative brain edema and venous infarction is considerably higher in patients who had undergone a bifrontal craniotomy. 16 chokyu et al. 29 explained that transecting the superior sagittal sinus at the bottom of the frontal base and cutting the falx at the lowest point enabled preservation of the cortical bridging veins of the frontal lobe and avoid this complication may in addition reduce excessive frontal lobe retraction in the interhemispheric approac. 25 
Hormonal dysfunction
as noted in our review, systematic pre and postoperative hormonal testing was not routinely performed and was only reported in approximately half the studies. While most often Di is transient, Komator et al. 46 reported a permanent Di rate of 0.9% with the open approach and 0% with the eea. as one would expect, intrasellar tumoral extension results in a higher rate of A approaches, especially with the advent of transcranial endoscopy has made the Tc route safer, with a low morbidity and mortality. The higher rates of excision and lower csf leak continue to make this approach attractive. This review also brings to light the discrepancies in standardization in reporting to make reliable comparisons and calls for guidelines on the conduction of longitudinal cohort studies with standard outcome measures.
